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Object 
The object  of t h i s  research i s  t o  study the effect iveness  of screening 
t r a n s i s t o r s  by stress and by non-destructive tests when applied t o  t rans-  
i s t o r s  manufactured t o  t h e  same specif icat ion by three d i f f e r e n t  processes. 
The previous r epor t s  covered d e t a i l s  of an i n i t i a l  s t ep - s t r e s s  experiment. 
A preliminary study of the effectiveness of using noise as a method of 
screening and a preliminary repor t  covering p a r t i a l  d e t a i l s  of t he  first 
1,500 hours of a 3,000 hour l i f e  t e s t .  
This repor t  shows the bulk of the d a t a  from a 3,000 hour l i f e  tes t  of 
th ree  separate  processes t o  manufacture a t r a n s i s t o r  t o  the  2 ~ 7 1 8 ~  spec- 
i f i c a t i o n .  
Data i n  the form of computer calculated d i s t r ibu t ions  f o r  t he  complete 
t e s t  matrix consis t ing o f :  
3 - manufacturing processes 
4 - stress screen conditions 
10  - parameters 
8 - tes t  times 
5 - L i f e  test l e v e l s .  
Engineering ana lys i s  of f a i l u r e s  i n  the high stress screen on one process 
has been completed. 
Abstract  
A de ta i l ed  ana lys i s  of f a i l u r e  modes has shown that planar  t r a n s i s t o r s  are 
subject  t o  f a i l u r e s  due t o  t rans ien t  spikes.  
damage i f  t h e  t r a n s i s t o r  i s  not l imited aga ins t  thermal runaway. 
This f a i l u r e  mode causes ser ious 
I 
This mode of f a i l u r e  i s  most prevalent among t r a n s i s t o r s  which are 
least l i k e l y  t o  have channeling modes of f a i l u r e .  
considered ~ 
I 
Preliminary computer readout of d i s t r ibu t ion  of values  i s  included with t h i s  
repor t .  
da t a  processing and automatic reading e r r o r .  
The 250 readings on each t r ans i s to r  cause indicated f a i l u r e s  t o  be several  
t i m e s  ac tua l .  
This readout ’ i s  not corrected f o r  the combined e f f e c t  of computor, 
I 
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1 .O STATUS OF THE CONTRACT 
1.1 Overall  Status  
The overa l l  s t a t u s  of the contract as of 1 January 1965 i s  t h a t  
all l i f e  tests have been completed on a l l  l o t s .  Final  Phase I1 
measurements are being made on all 800mw l i f e  tests. 
Analysis i s  underway and has been completed f o r  Process "A" on 
the  high stress and moderate s t r e s s  levels. 
1.2 Work Remaining on t h e  Contract 
1.2.1 Analysis of PhaseIII  l i fe  tes t  d a t a  f o r  centrifuge only 
l o t s  and f o r  the  control l o t s  i n  Process "A". 
1.2.2 Analysis of PhaseIII  f o r  all l o t s  i n  Process "B". 
1.2.3 Analysis of PhaseIII  f o r  all l o t s  i n  Process "C". 
1.2.4 Centrifuge Phase IV i n  i t s  en t i r e ty .  
1.2.5 Analysis of Phase IV 
1.2.6 Final  analysis  and report preparation 
1.3 Extension Plans f o r  the Contract 
1.3.1 Design computer program t o  analyze all da ta  t o  determine r e l a t ion  
between noise tests and r e l i a b i l i t y .  
,noise i n  r e l a t ion  t o  f a i l u r e s  of the  d i f f e ren t  d 1.3.2 Run and 9- major cl A-A- At ions  and determine the  screening effect iveness  
of noise as a m e a n s  of screening without l i f e  tests. 
1.3.3 Use t h e  computer program developed fo r  noise readings t o  determine i f  
application of screening t o  i n i t i a l  parameters other  than noise w i l l  
provide similar screening effect iveness .  
1.3.4 Determine if noise t e s t s  made after the  other  screens f o r  i n i t i a l  
parameters w i l l  make a fu r the r  improvement i n  r e l i a b i l i t y .  
2.0 MAJOR PROBLEM AREAS I N  PRESENT CONTRACT 
2.1 Line Transients Plus Thermal Runaway 
2.2 Fa i lure  Mode Description 
One of t he  new f a i l u r e  mode problems facing the  semiconductor industry 
i s  the e f f ec t  of t rans ien t  spikes which occur on power l i n e s  and are 
generated i n  other  ways. 
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2.2 Fa i lure  Mode Description - Cont'd 
Such t r ans i en t  spikes consis t  o f  very high peak voltages which 
appear on power l i n e s  due t o  the operation of various e l e c t r i c a l  
equipment. 
Transient spikes of much higher values a lso occur i n  every conductor 
during thrunderstorm a c t i v i t i e s .  
unknown but  it i s  not unusual t o  observe a rc  over across several  
inches of space from an ungrounded conductor t o  a grounded conductor 
during thunderstorms. 
The ac tua l  spike voltage i s  
Such arc over problems are of serious concern i n  Indus t r i a l  Control 
Standards i n  N.E.M.A. a c t i v i t i e s .  In  t h i s  case semiconductor 
insu la tor  spacing i s  much too small t o  meet t he  requirements f o r  a r c  
over protection. 
The pro jec t  engineer i s  serving at  present on the task  force t o  consider 
t h i s  problem. 
In use most t r a n s i s t o r s  must be protected from such high t r ans i en t  
voltage spikes i n  a manner which l i m i t s  the flow of current  through 
the  device t o  values which will not destroy the  device. 
L i f e  tes t  racks a t  General Elec t r ic  were o r ig ina l ly  designed t o  permit 
thermal runaway when a momentary breakdown did occur. 
w a s  reasonable and though somewhat overcautious when applied t o  
Germanium devices and t o  Alloy devices, it did guarantee a higher 
r e l i a b i l i t y .  
The philosophy 
The o r ig ina l  argument was that  a momentary breakdown indica tes  a 
defect ive t r a n s i s t o r  which should be eliminated. 
During the  change from a l loy  t o  planar construction t h e  problem has 
developed due t o  the  high impedance of the planar  surfaces.  
About t h e  time of the  start of t h i s  Life t es t ,  new t e s t  cardswlere introduced 
having a diode i n  the  base as a protec t ion  aga ins t  high reverse k r r e n t  
i n  the  base on a momentary aplerbad. 
Such cards were avai lable  i n  su f f i c i en t  quan t i t i e s  t o  use a t  the  higher 
levels with a delay of four weeks i n  ge t t ing  the l i f e  test  s t a r t e d .  
The 5OO1nw l e v e l  w a s  not  expected t o  show problems without t h e  diodes. 
The analysis  of d a t a  i n  re la t ion  t o  f a i l u r e  e f f e c t s  at the  5OOmw lqvel 
f a i l u r e s  compared t o  the  f a i lu re s  a t  other  power l e v e l s  w a s  conducted 
on Process "A" and covered in  Section 3.0. 
It i s  expected t h a t  the leve l  of f a i l u r e s  due t o  t r ans i en t  spikes i s  
comparable i n  Process "B" and Process "C", bu t  the  l e v e l  of miscellaneous 
f a i l u r e s  at the  5OOmw l eve l  and t h e  other  l e v e l s  i s  s u f f i c i e n t l y  higher 
and would be more l i k e l y  t o  cancel t h e  most valuable information. 
2.3 Data Handling Probl 
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The d a t a  handling problem i s  very severe i n  t h i s  contract .  
There are more t h a n  250 readings, key punching o r  computer operations 
involved f o r  each t r a n s i s t o r  on t h e  tes t .  
The 58 test  l o t s  show da ta  assembled by t h e  computer on approximately 
10,000 separate  sheets .  
The percentage of e r r o r  i s  reasonable, bu t  the  need f o r  da t a  handling 
r e l i a b i l i t y  percentage i s  beyond the  capab i l i t y  of e i t h e r  human 
operator o r  d a t a  processing equipment. 
With the  250 operations per  t r a n s i s t o r  an e r r o r  rate of ,0084 would 
be required t o  hold t o  2$ e r ro r s  i n  c l a s s i f i c a t i o n  of a device as a 
f a i l u r e .  
A ca re fu l  review of the  da t a  i s  required f o r  a cross-check on each 
indicated f a i l u r e .  
the number of f a i l u r e s  which are unexplained. 
Computer system e r r o r s  tend t o  show 2 t o  5 times 
There are only a f e w  of the computer f a i l u r e s  which can be i d e n t i f i e d  
and the r a t i o  above p r o b a b l y i s  too low f o r  a t r u e  p i c tu re  of f a i l u r e s .  
3 .O LIFE TEST RFSULTS 
3.1 High S t r e s s  Screen 
3.1.1 Process "A" 
Five l o t s  were t e s t ed  on the 3,000 hour l i f e  t e s t  from Process 
"A". 
shown i n  the  k b l e .  
The f i v e  l o t s  were subjected t o  the power and temperature 
Conditions f o r  all l o t s  were s i m i l a r  except t h a t  the 5OOmw had 
no reverse cur ren t  protection i n  the base c i r c u i t ,  as explained 
i n  Section 2. 
It was a l s o  found during the  high stress experiment as reported 
i n  Quarterly Report #3, t h a t  a subs t an t i a l  number of u n i t s  
showed a s h i f t  i n  Icm a f t e r  the temperature plus reverse vol tage.  
The u n i t s  which did show t h i s  s h i f t  w e r e  divided with a l l  u n i t s  
having a ("B" Class) s h i f t  of 1 micro-ampere o r  more sen t  t o  
f a i l u r e  ana lys i s .  The u n i t s  of the ('IC" Class) lOOnA t o  100 
micro-ampere, were divided and some included i n  the l i f e  t e s t  
and some sent  t o  f a i l u r e  ana lys i s .  
Units of the  ("E" Class) l O n A  t o  l00n.A w e r e  included i n  the l i f e  
t e s t .  
This d iv is ion  d i d  provide the means of understanding the  e f f e c t  
of decreasing the  l i m i t s  of leakage allowable. 
3.1.1.1 
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This d i s t inc t ion  Was made only i n  the  Process "A" u n i t s  
which shif ted and completely recovered, 
Some u n i t s  which were shown t o  exceed i n i t i a l  limits on 
the beginning of t h e  l i f e  t es t ,  were allowed t o  continue 
through the tes t ,  
Ei ther  type of un i t  i s  designated as screened out u n i t  i n  
the analysis .  
T e s t  Conditions High Stress  Screen L i f e  T e s t  
Lot No. 419-201 419-202 419-203 419-204 419-205 
No. i n  Lot 1 4  28 75 14 28 
Acceptable 12 23 58 12 21 
Screened Out 2 5 17 2 7 
4 Screened Out 14 18 23 14 25 
Power i n  MW 800 700 *500 200 400 
Temperature "C 25 25 25 150 150 
*50Omw test  l e v e l  was not protected by diode from t r ans i en t  t r iggered 
thermal runaway. 
Test L i m i t s  Used t o  Define Fai lure  
T e s t  l i m i t s  used f o r  the  c lasses  of f a i l u r e  agree with the limits 
used i n  Quarterly Report  #3, Page 11 reproduced here:  
G E C B 
lOnA 10-1oonA 100-100onA 1 UA 
l0nA 10-1oonA loo-100onA 1 UA 
ICBO 
IEBO 
*BvCED 
mcE0 4 S h i f t  15% 254 5@ 5@ 
?ET 
4 Shift  1 5 4  15-254 2 5 - 5 6  5@ 
4ov 30-40v 20-3ov 2ov 
40-120 35 -40 28-35 28 o r  
& 120-150 150-180 180 
cE(SAT) N o t  Used V 
"CE( SAT)$Shift 15% 15-254 2 5 - 5 6  5 6  
SAT) Not Used 
1 5  -254 2 5 - 5 6  5 6  "a( SAT)$Shif t  154 
*The specif icat ion ra tes  V m  as 32v maximum i n  the  absolute l i m i t .  
Test  l i m i t s  of BVi;lm, are not given and t h e  l i m i t  of 40 v o l t s  was 
chosen as representative of t he  e n t i r e  d i s t r ibu t ion  a t  the current  
chosen f o r  t h e  t e s t .  
1. 
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3.1.1.2 Failures  i n  Units Screened Out 
This l o t  was tested as p a r t  of the full l o t  as reported on the  
d i s t r ibu t ion  graphs (Figures 3.1.1.1 through 3.1.1.5). 
Lot 419-201 202 203 204 205 Total 
Good at  End of T e s t  (G) (1) (2) (11) (1) (4) (18) 
Passes "E" L i m i t  (E) ( 0 )  (2) (2) ( 0 )  ( 0 )  (4) 
pas se s "C 'I L i m i t  (c) 1 0 1 0 0 2  
F a i l s  (Bad) ( B ) O - -  1 0  - -  1 1 3  
Failures  (B & C) 1 1 1  1 1 5  
Numbers i n  ( )  do not count as f a i l u r e s  i n  (B+C) 
3.1.1.3 Shi f t e r s  i n  Units Screened Out 
This t ab le  shows the un i t s  which sh i f ted  on any parameters i n  
t h e  u n i t s  which were screened out .  
419-201 202 203 204 205 Total 
15-25$ S h i f t  (E) 0 0 (2) 0 0 (2) 
25-50$ Shif t  (c) 0 0 0 0 0 0  
Over 50$ S h i f t  ( B ) L O -  --- 0 0 2 0  
0 2 0  S h i f t e r s  B+C 0 0 0  
3.1.1.4 Screened Out Units which Responded t o  L i f e  T e s t  (Sh i f t e r s  & 
Failures  t o  "Brr . "C". & "B" L i m i t s )  
Lot Number 419-201 202 203 204 205 Total 
No. Screened O u t  2 5 16 2 7 32 
No. Responding 1 1 5  1 1 7  
3,000 hour t e s t  10.4 7.3 
Failure  R a t e  $ 
Per "K" hours f o r  
This shows the  percent of u n i t s  which responded i n  some way t o  
the  l i f e  tes t  t o  be 10:4$/K hours f o r  t he  50- u n i t s  bu t  t h i s  
i s  above the 7 - 3  $/K hours. 
If we count only f a i lu re s  at  the 5OOmw (C+B) l e v e l  t h e  percent 
i s  very low with one f a i l u r e  i n  each l o t .  
Fai lures  i n  the Life T e s t  Lot Which Were Accepted by the  Screen 
Lot  Number 419-201 202 203 204 205 Total 
3.1.1.5 
Number i n  Lot 12 23 58 12 21 126 
Failure  "C " 0 0 0  2 1  3 
2 2 7  0 0  11 
Number Failed 2 2 7  2 1 -  
Percent Failed 16.7 8.7 12 16.7 4.8 11.1 
$/K Hours 5.6 2.9 4 5.6 1.6 
- - -  --Failure  "B" 
b 
3 
3.1.1.6 
3.1.1.7 
3.1.1.8 
Shif ted i n  L i f e  Test  
419-201 202 203 204 205 Total  
Shif ted 1 5  t o  254 0 0 (6) ( 2 )  (2) (10) 
S h i f t  2 5 - 5 6  "C" 0 0 9  3 3 15 
0 0 3  0 3  6 S h i f t  Over 5 9  "B" 
C&B Limits 
Percent t o  C&B o o 20.6 25 29 8 
- - - --- 
Rate $/K Hours 0 o 6.9 8.3 9.7 2.7 
Tota l  Number of Units Which Showed Some Response t o  Life T e s t  "E1', "Crr ,  & "B" L i m i t  Fa i lures  Plus  "E", r rCrr ,  & "B" L i m i t  Shifters 
419-201 202 203 204 205 Tota l  
Failed E 
C 
B 
Shift E 
C 
B 
Number Responded 
Percent Responded 
Rate i n  $/K Hours 
0 0 2  1 1  4 
0 0 0  2 1  3 
2 2 7  0 0 11 
0 0 6  2 3 11 
0 0 9  3 3 1 5  
0 0 3  0 6  9 
2/12 2/23 27/58 8/12 14/21 531126 
16.7 8,7 46.5 66.7 66.7 42.1 
5.6 2.9 15.5 33.3 33.3 14.0 
- - - --- 
Charac ter i s t ics  of the Devices Screened From t h e  5oomW Lot 
This table shows the f a i l u r e  i t e m s  i n  the l i f e  t e s t  h i s t o r y  of t h e  
l o t  each i t e m  i s  l i s t e d  i n  accordance with the method used i n  Report 
#3 and #4. See Quarterly Report #3, Page 10, reproduced below. 
Fa i lure  Tabulation Code f o r  Correlation Tables - 
Fai lures  shown i n  the co r re l a t ion  tables are indicated b y  a three 
p a r t  code which consis ts  of t h e  3 number groups shown below. 
First Group Second Group Third Group 
ICBO 
2 IEBO 
1 
9 BvcEo 
1 
2 
2s 
3 
3s 
4 
660 Noise 100 JllMcl 4s 
661 Noise 1 O O O J I l M A  
662 Noise 1000 A3OMA 
663 Noise lOOKC 3OMA 
In  addi t ion  the  second group i s  
I n i t i a l  Value G - Good 
After 1st Step E - End of L i f e  
Shift on 1st Step C - Catastrophic 
After 3rd Step B - B a d  
3rd step sift 
After  4th Step 
4th Step Shift 
( l i m i t  passed) 
extended t o  include Steps 5 through 
16 using 5S, 6s, e tc .  as the s h i f t  i t e m s  f o r  each step. 
i s  extended as follows. 
Second group 
7 
5 = 00 hours Phase I11 
6 = 170 hours 
7 = 340 hours 
8 = 680 hours 
9 = 1,000 hours 
10 = 1,500 hours 
11 = 2,000 hours 
12 = 3,000 hours 
13 = 3OKG Centrifuge Phase IV 
14 = 5 0 ~  Centrifuge Phase IV 
15 = 9OKg Centrifuge Phase IV 
16 =15OKG centrifuge Phase IV 
3.1.1.9 Character is t ics  of the Transis tor  Screened from the  5OOmw Lot 
Units Which Passed 5oomW Tests 
Unit N o .  203 101 
A444 
a 1 9  
A364 
A450 
A122 
A170 
~ 2 6 1  
A430 
A438 
A542 
A344 
M I 3  
A543 
A149 
A236 
A-6 
3 48 
9 54 
31 78 
33 80 
35 83 
36 84 
53 102 
57 106 
58 107 
61 110 
66 115 
(1-2-E) 
(1-2-E) (9-3-E) (9-&-E) 
(13-4S+C) 
( 9 - 4 4 )  (9-4s-E) (13-2S+C) (13-3S+C) (13-4S+C) 
(13-&+-E) 
(9-3s-E) 
(1-2-c) 
( 1-2 -c) 
(1-2-c) 
(1 -2-c) 
(13-3S+E) (13-4S+E) 
Units Which Showed "E" L i m i t s  on L i f e  T e s t  
19 65 (13-4S+c) ( 13-U-E) (13-12-~)  
51 100 (1-2-C) (9-2-E) (9-4-E) (9-12-E) 
Units Which Shifted"E" L i m i t  on L i f e  T e s t  15-254 
27 73 (13-3s-E) (15-9S+C) 
37 85 (9-3s-E) (15-10s +E) 
Units Which Failed L i f e  T e s t  
34 81 (1-2-E) (13-&-E) (9-11s-E) (9-12s-E) (l3-llS+C) 
( 13-12S+C) 
CBO 
F r o m  the  above table we  can see t h a t  u n i t s  which sh i f t ed  i n  I 
after temperature pulse reverse voltage (1-2-E) o r  1-2-C) did 
not fa i l  l i f e  test  o r  s h i f t  on l i f e  tes t  unless  some o ther  s h i f t  
occurred, a l s o  No. A543 and No. A-6. 
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3.1.1.10 Failure Mechanisms 
8 
1 
t 
8 
I 
a 
I 
8 
a 
The above suggests that  a d i f fe ren t  f a i lue  mechanism i s  involved i n  
the 5OOmw fa i lu re s  than t h a t  which i s  expected i n  I 
Figure 3.1.1.10.1 shows a comparative dis t r ibut ion of the BVCM) f o r  
all uni t s  i n  the l o t  and fo r  the un i t s  which fa i led  a t  5OOmw. 
This shows a suggestion t h a t  the expected BVm i s  a cause when 
un i t s  a re  selected on an i n i t i a l  t e s t .  The resu l t s  of the graph 
could be obtained by chance alone and a re la t ion  i s  not c lear .  
Figure 3.l.l.lO.2 shows the re la t ion  between Icm measured i n i t i a l l y  
and the dis t r ibut ion of un i t s .  
apparent i n  t h i s  and also there i s  a s l igh t  indication tha t  ICBO 
does enter  i n to  the problem but  there i s  no clear  evidence. 
Figure 3.1.1.10.3 shows the comparison when Icm i s  measured a f t e r  
the temperature plus reverse voltage. 
This dis t r ibut ion chart shows tha t  the uni t s  which fa i led  had a 
s h i f t .  CBO 
The percentage accuracy of I c ~  i s  
substant ia l ly  lower Icm after temperature plus reverse voltage. 
This i s  a reversal of the resu l t s  tha t  comonly would be expected 
and j u s t i f i e s  fur ther  exploration. 
The l o t  investigated i n  t h i s  dis t r ibut ion includes both the uni t s  
a i c h  would be screened out by temperature plus reverse voltage as 
w e l l  as those which would be accepted by the screen. 
The shape of the dis t r ibut ion curve f o r  the un i t s  which fa i led  indicate  
tha t  l e s s  than 0.1% of the un i t s  which fa i led  would have a leakage 
above l O n A  after temperature plus reverse voltage. 
This indicates t h a t  the mechanism of f a i lu re  by the 5OOmw test  i s  
d i r ec t ly  opposite t o  f a i lu re s  by channeling. 
The poss ib i l i t i e s  o f t h i s  problem are  fur ther  explored i n  Section 
4. 
3.1.1.11 Characterist ics of the  Devices Which were Screened Out  of L i f e  T e s t  
and Not Subjected t o  L i f e  Test. 
The following un i t s  were removed from the l o t  on Phase I1 and not 
subjected t o  Phase 111. 
Unit No 
A240 
A285 
All0 
~ 8 6  
A40 
A294 
A192 
Phase I11 
None 
None 
None 
None 
None 
None 
None 
Phase I1 
101 
1 5  (1-2-B) 
64 (1-2-B) (9-2s-e) (9-2s-E) 
74 (1-2-B) (9-2s-C) 
82 (2-3-13) (13-3-13) (13-3s-13) (16-3s-E) 
45 ( 1 - 2 4 )  
87 ( 2 - 1 4  (2-2-e) ( 2 - 3 - ~ )  
135 (1-2-B) (9-2-B) 
12 
Notes 
Base Ring Melted 
i n  one spot 
IEBO ICE0 Unit 
A240 I IcB0 ( 
9v l o 0 V  35 40 100 
Unit  Blasted 
by Test 
9v 95-150 
Gold alloyed i n t o  
s i l i c o n  from base 
Gold alloyed i n t o  
s i l i c o n  a t  base 
gv 110 45 60 110 
-1 .oMA Spot broken o f f  
AL base r ing  
s i l i c o n  
8.59 100 40 70 100 
Aluminum base r ing  
melted i n  one spot 
9.5 110 40 50 70 110 
A40 
A294 
Bad 
110 
Same as 
%BO 
Out of alignment 
E-B junction too 
close t o  base 
aluminum r ing  
Nothing v i s i b l e  
8.1 110 40 50 70 90 
3.1.1.12 Truncation Screening 
The theory of truncation screening as used i n  Quarterly Report #2, #3, 
and #4 i s  a l so  shown i n  Technical Documentary Report RADC TDR-64-311 
Rome A i r  Development Command. 
Truncation screening is advanced as a means of detect ing any condition 
which i s  out  of n o m a l ,  
a .  
L 
13 
3 .101.12 Truncation Screening Cont 'd 
The theory as advanced i n  RADC o r  as used i n  the Quarterly Reports 
#2, #3, and #4 i s  tha t  any out of normal condition within a device 
w i l l  cause one o r  more of the  parameters t o  have a bi-model d i s t r i -  
bution. 
of the d i s t r ibu t ion  of same parameter- shotlld improve r e l i a b i l i t y ,  
If such is t rue,  eliminating the upper o r  lower percent i les  
Paragraph 3.1.1.10 shows the  difference i n  d i s t r ibu t ion  of u n i t s  
which went through the high stress screen. I n  e f f e c t  the percentage 
difference between failures and a l l  u n i t s  i s  very small when applied 
except I after temperature p lus  reverse voltage.  to I C E 0  CBO 
There may be an unjus t i f ied  assumption i n  t h i s  reasoning because 
Lot 419-203 had the 7 un i t s  removed as bad p r i o r  t o  l i f e  test. 
Figure 3.1.1.12.1 shows a comparison of u n i t s  which e i t h e r  f a i l e d  on 
the  5OOmW l i f e  tests o r  sh i f ted  more than SO$. 
f a i l u r e  and s h i f t e r  i s  used f o r  select ion.  
The "B" l e v e l  of 
This shows t h a t  there  i s  l i t t l e  difference between u n i t s  which f a i l e d  
and all u n i t s .  
The u n i t s  which change i n  Icm due t o  temperature plus  reverse voltage 
a r e  c l e a r l y  not t he  u n i t s  which w i l l  fail. 
The l o t  used i n  3.1.1.12.1 includes all 5oomW on the 4 l o t s  f o r :  
High S t r e s s  Screen Lot 419-203 
Moderate S t r e s s  Screen 419-208 
Centrifuge Only 419-213 
Control Lot 419-2l8 
The above da ta  indicates t h a t  the  f a i l u r e  mode associated with 5OOmw 
f a i l u r e s  i s  most l i k e l y  t o  occur t o  the  bes t  u n i t s  when judged by the  
high stress temperature plus  reverse voltage. 
Units which are most l i k e l y  t o  form a channel are much less l i k e l y  
t o  fail due t o  the f a i lu re  mode which i s  associated with the  lack  of 
diode protect ion a g a i n s t  thermal runaway. 
Truncation Screening t o  Other Parameters 
Table 3.1.1.2 shows the e f f e c t  of t runcat ion screening when applied 
t o  the control  l o t ,  which showed 11 f a i l u r e s  t o  the  "C" and "B" 
l e v e l s  during t h e  3,000 hours. 
If screened t o  remove the upper l i m i t  of Icm equal t o  the  upper 15th 
percent i le  of the  en t i r e  d i s t r ibu t ion ,  there  would be no s ign i f i can t  
improvement i n  r e l i a b i l i t y ,  
Similar ly  upper 15th percent are removed on o ther  parameters produces 
no results lower l i m i t s  a l s o  produce no s ign i f i can t  r e s u l t s ,  
. 
E 
Q 
FIGURE 3,1.12_1 
14 - 
8 . F  
CLASS 
E 
1 ! 2  I 1 3  I 4  5 ' 6  1 7  j 8  1 9  
I I , I 1 F E N  
SCREENING 
I i hFE I 'CE(SAT) 1 'BE(SAT> I
'CEO 'EBO 1 mCEO 1 HIGH ' Ix)W 1 HIGH LOW HIGH I O W  
! G  I 
lo 
B ]  
I 
I I B 1 (B) I (B) 1 , 2-6-8 B 
I I j 
C 
E 
$ E+G 
b 
1 
FIGURE 3.1,1,12.2 
EFFECT OF SCREENING IX>T 419-218 TO 15TH PERCENT POINTS 
MEASURE3 AT START OF LIFE TEST 
15 
I I I I I I 1 I I i 
] G I  I I I I ( G )  1 I I 1 I ( G )  1 ( G )  11-4-7-9 G 
I j i 
~ 
I 
f C 
B B I I I 
G G I I I 
G ( G )  I I  1 
C C b ( c )  ; 
E l 
I 
I I 
G - -  G ( G )  I ( G I  l ' - u  
I - I I ! t i  I I 
C C ( C )  ~ (c)  ~ (c) ; 1-2-5 -8 G 
G I (  G) I 7 -8 G I 
I I 
I 
I E I 
B B I 
B B i (B) 1-9 B 
G 
E E 
l 
I 
B ( B) (B) 1 13-5 B 
38 
6 
5 
3 
24 
71 
32 I 33 
4 1  5 l  4 
21 1 21 
72 1 73 
33 
5 
4 
3 
21 
73 
34 
5 
4 
3 
22 
73.5 
33 
4 
4 
3 
22 
76 
32 
5 
5 
3 
19 
69 
33 
6 
4 
3 
20 
70 
33 
5 
4 
3 
21 
72 
32 j 
5 :  
3 4 1  
20 
71.8 1 
28 
3 
4 
3 
17 
71 
Table 3 .l. 1.12.2 
The e f f e c t  of truncation screening a t  the  15% poin t  when truncation 
i s  applied t o  i n i t i a l  parameters. 
t es t  Step 5. 
Measured at  beginning of Li fe  
This shows no cor re la t ion  between i n i t i a l  parameters and f a i l u r e  when 
truncation i s  applied t o  e i the r  a s ingle  parameter or  t o  two o r  more 
parameters. 
17 
FIGURE 3.1.1.12.3 
SCREENING A F I E R  FIRST STEP (6)  419-218 
i 
r I 2 3 1 4  1 5 1 6  1 7  a I 9  
I REDUNDANT 
TRUNCATION v 
3 l I G H  B I I j (B)  ! 1 6-9 B I I I G I  j G  I , 1 
G 
G 
G I  I 1-7 G I 
I 
I 
I I 
I I 
j 1-2-4 C 
I I f !  1 
I I -  I 
( G )  I i 1-2-8 G 
I I I 
I I (G) 
I 
(G) ( G )  4-7-9 G 
( G )  3 -9 G G 
(c) 1 3-7 C 
G I ( G I  I - -  
C 
G I I ( G )  
I 
29 
G 
B 
- 
G 
- 
33 
4 
5 
3 
21 
73 
13-5 B 
I I 
26 
4 
2 
3 
17 
77 
33 j 33 34 
6 5 6 
4 1  4 4 
N o .  1 38 33 
6 6 
3 I i i  E 3 3 
34 
6 
4 
3 
21 
71 
33 
5 
5 
3 
20 
70 
33 33 
5 5 
4 4 
2: 1 21 
73 I 73 
8 .  
18 
. 
When t h e  u n i t s  are studied on the  b a s i s  of removing devices which 
are out  of l i m i t s  on 2 or more 15th percent po in ts  there  i s  a l so  
no improvement 
Figure 3.1.1.12.3 shows the same comparison when t e s t s  81-2 taken 
after the  first 168 hours of operation. 
This table shows no ef fec t  of truncation screening. 
ment does show i n  use of inclusion i n  2 o r  more f r inges  as a 
screening limit. There i s  no comon pa t t e rn  f o r  t h e  improvement 
and no conclusions are possible. 
A 7$ improve- 
19 
Table 3.1.1.12.2 
when applied a f t e r  the f irst  l i f e  test .  
The e f f e c t  of t r u n c a t i w  screening at  the  l5$ point  
This shows no s ignif icant  improvement i n  screening t o  an individual 
parameter bu t  some improvement when screening i s  done t o  redundant 
truncation. 
The f a c t  t h a t  truncation screening has l i t t l e  o r  no e f f e c t  on 
r e l i a b i l i t y  tends t o  confirm t h a t  t h  ese  f a i l u r e s  are not re la ted  t o  
degradation processes bu t  due t o  the t r ans i en t  spike condition. 
3.1.1.13 Character is t ics  of Failures a t  80omw 419-201 
I11 I1 NO, i n  Lot =14 
Unit No. 201- 101- Screened out f a i l u r e  
~ 5 2 8  8 9 (2-3-C) did not recover (2-12-C) 
Life  Test Fai lure  Not Screened Out  
A492 7 8 (9-11+B) (13-~LB) (16-11+3) open on 12  
A74 1 2 (13-7-B) (15-7-B) Recovered after 7 
Screened Out Good on Life  Test 
~ 2 8 6  14 16 (9-2s-E) Recovered and no f'urther change 
A74 may be an intermit tent  condition 
3.1.1.14 Character is t ics  of Failures a t  70Omw 419-202 
No.  i n  Lot = 28 
Screened Out  Units Good on L i f e  T e s t  
A417 18  2 ( 1-2-C) ( L~O-E)  ( 9 - 2 s - ~ )  
A583 2- 4 (1-2-E) 
A355 27 11 (9-3-E) (9-4-E) (9-5-E) 
A51  41 25 (13-2s-E) 
Fa i lures  
A479 29 13 Opened @I 1,000 hours 
~ 3 8 8  26 20 Opened @ 1,500 hours 
Screened Out Fai lure  
A412 28 12 (l3-2S+C) (Opened at  8) 
A l l  3 Fa i lures  are d e f i n i t e  f a i l u r e s  
3.1.1.15 Charac te r i s t ics  of Failures at  20Omw +150°C 419-204 
No. i n  Lot =14 
Screened out Good 
Unit 204 1OA 
~ 5 0 8  13 138 (13-2s-B) (13-3s-B) (13-4s-B) 
1; A589 
A529 
A353 
A419 
14 139 
5 129 
3 127 
4 128 
A252 2 126 
A201 11 136 
A419 1 125 
A170 10 134 
A472 12  137 
20 
Screened Out Failure 
(13-4S+E) (1-12-C) (9-12-B) (9-12s-B) (13-12s-B) 
I n  t h i s  case a s h i f t  i n  h m  on centr i fuge of 
15 t o  254 signaled a f i l u r e  at 3,000 hours. 
L i f e  Test  Fa i lures  
(9-11+E) (9-12+E) 
This would not be counted as a failure on 
normal end of l i f e  l i m i t s  
(13-124) (13-11s-C) (15-10s-B) 
(1-9#) (1-10-E) (1-11-C) (1-124)  
Unit A419 i s  t h e  only u n i t  found i n  t h i s  
l o t  which fails  on the leakage mode of 
f a i l u r e  t h a t  was expected i n  the  development 
of t h i s  screen. 
Li fe  T e s t  S h i f t e r s  
( 1 3 - i i s - ~ )  (13-12s-~) 
(13-11s-~) (13-12s-~) 
(1-10-E) (1-11-E) (1-12-E) (15-lOS-C) 
(1-11s-c) (1-12s-c) 
(13-124) 
3.1.1.16 Charac te r i s t ics  of Fai lures  at 40Omw + 150°C 
Lot  419-205 Units i n  T e s t  22 Units Screened 
Out bu t  good on L i f e  T e s t  
Unit 205 101 
~ 1 0 8  3 142 
A88 13 152 
a 6 0  16  155 
A171 26 165 
A154 27 166 
~ 3 8 2  9 148 
a 2 3  25 164 
A423 11 150 
(13 -4S+E) 
( 13 -4S+E) 
( 13 -3S+E) (13 -4S+C) 
(1-2-B) (9-2-B) (9-2s-B) 
Screened Out  Fa i lu re s  
(1-6-c) (1-7-C) (13-3S+E) (13-4S+C) (1-12i-B) 
This u n i t  shows r e s u l t s  of t h e  screen as a 
means of removing leakage type f a i l u r e s  
Screened Out  S h i f t e r  
(1-2-C) (13-11s-B) 
(13-5-E) (Through 13-9-E) (15-9s-B) 
L i f e  T e s t  Fa i lu re  
(1 - 8 - ~ )  
21 
L i f e  T e s t  Shifter 
I 
10 149 
17 156 
14 153 
6 145 
15 154 
19 158 
1 140 
5 144 
(15-8s-E) 
(15-8s-E) 
(15-8s+c) 
(15 -8s-c) 
(15-8s+c) 
( 13 -11s~) 
(15 -~S+B) 
( 16-9s-B) 
The sh i f t i ng  which occurs on the 8th readout t o  V C E ( ~ T )  only i s  a 
s h i f t  which tended t o  both higher and lower l e v e l s ,  
understood at present.  
only must have some significance.  
This i s  not  
The occurance of so many shifters at  one s t ep  
It i s  possible  t h a t  instrument trouble may be an explanation though 
problem i s  not observed i n  the  other  readings made a t  the  same time. 
Other p o s s i b i l i t i e s  are changes i n  period between oven and tes t  and i n  
the  way the u n i t  was  cooled on removal from l5O"C. 
Casual examination of f a i l u r e s  a t  all four 5oOmw l i f e  test conditions 
show t h a t  f a i l u r e  mode i s  similar percentage of f a i l u r e s  and that 
sh i f t i ng  i n  charac te r i s t ics  i s  much more pronounced i n  the  5OOmw l i f e  
tests than i n  o ther  l ife tes ts  which had diode protect ion.  
Casual examination of the da ta  shows t h a t  t h i s  condition i s  present  i n  
process "B" un i t s  though somewhat complicated by a l a rge r  number of 
failure modes which are ac t ive  i n  the  l o t s .  
A more detai led study of these f a i l u r e s  will be completed i n  later 
quarter ly  reports  
3.1.1.17 Conclusions Relating t o  Process "A" 
Failures  i n  Process "A" u n i t s  were mainly due t o  a f a i l u r e  mode which 
i s  probably associated with a better surface.  
Evidence i n  t h i s  experiment tends t o  confirm the  hypothesis that: 
Transient spikes on power l i n e s  o r  connections can cause minute 
thermal runaway conditions which cause sh i f t i ng  of the device 
cha rac t e r i s t i c s  and also cause destruct ion i n  a la rge  number. 
The problem i s  expected t o  become more ser ious as surfaces are 
improved because the voltage drop across  a high impedance i s  much 
grea te r  than across  low impedances. 
4.0 COMPUTER Al'?&YSIS FOR PARAMETER DISTRIBUTION 
The working copies of the computer analyzed data i s  attached f o r  advance in fo r -  
mation. This da t a  i s  subject t o  the  usual types of computer - automation e r r o r s  
as follows and i s  being corrected as p a r t  of t he  engineering analysis  now under- 
way. 
4.1 Computer Errors 
The program wri t ten f o r  the computer cannot recognize the  differences between 
an empty test socket and an open t r a n s i s t o r .  
If a t r a n s i s t o r  opens during a t e s t  it will be recognized by the computer 
f o r  Icm o r  I E ~  as a u n i t  having very low leakage. 
then calculated on the  bas i s  of the full number of u n i t s  and the opened u n i t s  
as being very good. In  pract ice  the t r a n s i s t o r  may have progressively 
degraded i n  leakage, runaway and become open. 
The d i s t r ibu t ion  i s  
This makes t h e  noticable changes i n  improvement of t he  high end of t he  
d i s t r i b i t i o n .  
computations. 
Correction for  t h i s  e r r o r  i s  d i f f i c u l t  and requires  manual 
A second form of e r r o r  i s  due t o  mis-regis t ra t ion of  cards and o ther  normal. 
types of trouble.  
The computer accepts the  error and includes t h i s  i n  the  computed data .  
These normally show up i n  groups of four  numbers out  of l i n e .  
4.2 Other Errors 
Each t r a n s i s t o r  requires  a t o t a l  of 250 readings, mechanical o r  manual and key 
punch operations.  
indicated f a i l u r e  rate i s  .004$. 
o r  present automatic equipment. 
The combined e r r o r  rate then necessary t o  provide a I$ 
This i s  much too low f o r  human operators 
4 3 Correction Procedure 
Many of the computer e r ro r s  can be eliminated by  examination because a typ ica l  
computer e r ro r  i s  la rge  and frequently occurs i n  groups of four  o r  more times. 
Other cross checks are made as p a r t  of determining f a i l u r e  mode f o r  each 
f a i l u r e  . 
4.4 Examination i n  d e t a i l  of the da t a  has been completed through l o t  419-228, 
Failures  due t o  computer error  are approximately f i v e  t i m e s  as frequent as 
ac tua l  device f a i l u r e s .  This only proves t h a t  computer e r r o r  rate i s  some- 
what less than 250 t i m e s  as good as the probably f a i l u r e  rate. 
.I* *. . 
. .  
' ' .  , .  
c""- ' 
. .  8 ' .  ' 
@; 
' , :  , 
* .  
r 
.: .- .. ., 
, ..- z 
5 
rl. 
0 
0 
.-e Y
d 
k 
L 
q # 
c 
I 
1 
8 
8, 
8* 
i 
s 
- -  a 
4 
' P  . .. . 
E 
4 
I 
8 
1 .  
/'.-. I;, 
8 ,  
e '  
.I .- . 
.' 
:I: 
q I 
! , :  
; 
, 
-4 -  
1 
P 
. .. 
G 
0 . I  
u 
0 
0 
0 
cr) 
26 
n 
d 
E 
6,.  d 
3 . d  O 0 8  
.. 
. 

28 
\ 
. I  
* .  
' '_ 
. .  
, c 
0 
d 
+.' 
*. .' 0 
0 .o 
0 
I 
3 
0 
,cu 
5 0 
8 .  cu 
k 
0 
. m  
& 
co 
\o 
r( .. 
. . '  
' .  
" , , E  
B 
? . .. 
I 
t * '  - 
" I  
I 
1 '  
+ .  .
i . .  
1 
. *- *I-''. . i 
:I' 
I '  
. *  I \ b  
.: rm 
, z o  
0 ' *  ' R 
30 
I 
I. 
I' 
I 
. m  . . .  0 
v4 
TT 
2 
I 
E- o .  
0: 
o n  
O d  
0 '  cu 
4-4 
0 0  
2 .  
m. . 
31 
0 
01 
I 
W 
H 
v 
1 -  ' 
I a -  c-2 
I a,:: 
. i  
:m 
: .' ff 
.o 
. c y  : d\ 
. n  
.P 
vl 
. . e. 
e 
'. . g 
32 
. .  I . ,  , , 
* 
1. t 1 .  
I '  
1 
I :  
# *  
8 ,..: . 
. .  
, .  
* 
J 
e. 
I' , 
I 
L 6, 
.- 
.- ' d  
pi 
34 . 
35 
1 b 
0 cu 
I 
. .  , ' .  
. I  
i 
1': 
!- 
i 
i 
! 
. .  
. 
' f  
8 
A- 
I 0 
36 
j 0 
N 
I 
I 
. .  
i ( '  . . .  . .  . 
r . : .  ' .  . 4 
. .. 
. . ..;:; ' ,  -4 
' .. 5 
. . .. ' .  .. . 
.' ' i: . ; ,.. , , 
d R . .  
. *  . .. 
* '  
. \  
, 
I 
. .  
V 
0 
0 
v\ 
d 
G 
0 m 
' . '  I 
> -  
I '  
I:; 
. .  
I 
f '  c; 
8 ;  
B 
.- . 
t2 
- . .. 
. . .  
- .  . .  
.. 
e 
n 
k 
< 
e '  
V 
v\ 
(u 
0 
4 
0. 
39 . 
.. 
R 
0 . 
E 
k 
-I 
N 
0 
- 3  . .. 
J d 
R 
' i l  
, .  
. .  
. B  
U 
I 0 1 
. I  * . .  . .  
i .  
. I -  
E' 
I '  
I ,  f 
I 
l ;  
_. . 
. .. 
, .  
1 . 
0 
I 
B 
- ----- . . 
i' 
41 
d 
R 
8 
V 
0 
0 
L n  
r l  
s-" 
0 m 
1-i 
i ; 
' . .* 
. . .  
1 
8 
1 .  
. . .  . .  .' . 
:; . 
( .  . : .. . . , -  . I  C.' - ' 
. *  
. . .  
. .  .. . . '  
.. , . . . . . . .  
' I  
i 
43 
$! ..
111 * E  
3 
' .  
. I  
.* 
. .  
' ,  
. .  I#':  . ,  . .. % z .: ! 
i .! 
8.'' 
. . .  
. .. 
+ 
0 s 0 
0 
11 cv 
. 4 .. 0 . 
. *  
'. @. 
Gi 
(C 
Q I 4  
m .  .. , 
; '  
. .  . b 
I 44 
d k 
k 
4 
E: 
0) u 
. .  
. . .  . .  . 
/ . .  . .  . 
I 
I 
'. 
I 
u 
0 
0 
0 
M c i I + 0 5' 
0 
0 .In 
(u 
i 
i k 
0 . 
m 
t2 
I 
h 2 
0 
0 
t- 
- .  
I .  
.. 
1 e. P H d E v. 
0 
V 
. . .  
i 
. . >  . : 
.P 
C '  
4J u 
.g 
.s. 
' I  
aJ 
Gl 
E: 
0 '  ' 
4 
4 
4 
d 
4 
' p. 
aJ 
4 cn 
% 
3 
0 ' -  
0 
0 
0 
c*) 
. 
a -  
k t  
X E  
Q O  a 0  
d o  .. 
45 
. . .  
i .  
1 
B 
1 . ': 
I '  
. d '  
! 
.. 
b 
E 
H 
1 
1 
. , . . !  s. 
t 
I 
I. 
8 
111 
w 
I 
I '  
. I  
rl 
i '  
E! 
. 
V 
0 
0 
L n  
rl 
> -8 
a 
. .  .  i . ,  
4 aJ M 
I 
I 
1. 
I 
c 
0 
d 
ij 
1' 1 
1 
I .  
* .  
V 
0 
0 
8 
I 
> 
0 
5 0 
0 
0 
(u 
k 
0 
I 
~ E 
l 
n 
cn 
B c 
CJ tz 
.. 
. .  i 
I 
I 
I 
. .% 
. 
u. 
cu O* 
5 
0 tm 
V 
0 
u\ cu 
2 
0 m 
50 
@i '.. 
. .  
I '  
R 
8 
I 
I 
-I 
u 
0 
0 In 
c! 
=." 
8 
1 '  
i 
I 
1 
I 
i 
1 
I 
' I  i 
. I .  
.i 
I 
8 .  
I I . .  '.1 
', . 
. I  . , 
* .  
. .  
I 
r. 
I .  
. 1 _  
I .  
i '  
0 
% 
1 . .  ... . '  . ,  
! . . ,  
1 
1 ;.. 
. 
0 
0 
Ln 
OJ 
0 m 
53 
'1 
.I 
! 
I 
I 
I 
! 
..I 
I 
i 
i 
i 
i 
.j 
! 
. 1. - 
: . . 
. .. 
. 
i 
n w .. 
1, . .  : r4 
0 
0 
p. 
9 tn 
Ti 
P ..
0 
p: I 
I 
. 
. 
1 I 1 
i 
i 
c 
0 
Q) ' M  
I 
' k  
d .. 
v) g 
It. 
0 . .  
t .  
0 
P; 
I- 
f f  
1 - 
r-. 
? - 
I T' 
F 
I - 
I 
'-7- 
.. j . 
I 
.. 
,- I- 1 . .  
. I  
I 
. -  
I " 
I 
I '. P (d . 
u 
b cu 
I 
1 '  
I: 
' b  . .  
. ,  . .  
'1. 
I :  
. . , ~ .  , . - .  , - ,  . - .  , 
57 
. . .  
. .  
58 
b .. 
r 4  
0 
9 
f c .. 
I .  
' I  
.. 
:v 
'n 
! %  jy 
A 
' .  1 
1: -. 
-, . 
I 
I 
1 i 
I '  
i ;  
E! 
n 
e .. 
J 
2 
0 
R 
. 
0 
(u 
On 
.* 
3 
% 
1 
.L 
F 
60 
.. 
i 
9 
E 
.. 
5 
I.. 
0 
0 c 
on 
cy 
d\ 
*.I 
P 
0 
R 
.. 
. -  
I .  . 
E 
E m ;.r 0 
k 
i' 
c n 
0 
M 
I 
1 
';I ' 
W 
n 
1 
6 
A 
,' ' b 
d 
-I .. 
62 
r=. 
0 
0 
R 
d 
. .  
! 
i i  
1 1  
. 
I 
I 
e, 
F: 
0 
R 
ij 
w in 
1 
, 
Iff 1 
.. 
I 4 '  
0 
4 
k 
s 
c9 
. 
m 
~ P . 
6 
. .  - ,  7 
c 
n 
ai 
hD 
' S  
k 
d 
* k  
i 
I 
I 
V 
(u 
% 
>- 
0 m 
I 
> 
0 
cr? 
\ 
i) 
0 
0 m 
'(u 
' :  
I 
k 
0 
! . .: 
'I 
I 
:I 
.. , .  
B- 
I' 
I 
5' 
E 
65 ' 
-.. . * 
66 
d 
4.Y 
f 
u 
0 
0 
0 cu 
I 
> 
0 z 0 
0 . o  cu 
%I 
0 
In 
k 
ffi  
00 
v) 
rl 
I 
z 
I 
I 
67 
. .  
. .  
. I  
I 
4 c 
li 
. 
' U  
0 
<u 
00 
I I > 0 rn 
2 
0 
0 .o cu 
k 
0 . 
10 
k 
1; 
' a 3  'a 
r( .. 
1 
I '  
a 
c 
.. 
co cn 
3 
I..: . . .  
1 
I 
E 
8 
t 
I 
! 
R' , 
, .  
i 
1. ( t  
I' 
. 
3 
. .  
E! 
I '  
. .  
u 
0 
0 
Ln 
rl 
s-' 
% 
- .  
L .  
" .  
L 
B ;  
# ;  
e 
'<-I. 
L.. 
I 
0' 
1 
1 :  
I 
1 
'u 
I: 
* 70 
I 
1 
1 
I 
i 
I 
i .. .. 
I 
I 
' i  ! 
i ...- 
.- 
- -I 
I 
' ^  i 
I 
- I  
I 
i 
, .I 
I 
I 
i 
1 
.. A .  
r 
I 
I 
E! 
.. 
. .  
-- 
, -  <,  -. 6 
8 .  
,I 
.. 
cn 
KJ 
hl v 
3 
. 
u 
m cu 
0 
2 
% 
R 
I' 
I,.': , e 
1 '  
- *: * a  
I 
. 
I 
I 
i 
I 
i 
i 
! 
I , , 
I !  
! 
i 
! 
i 
i 
'-1 
! 
I 
I .I? - . 
, .  , 
. .  
. '  
I 
1, */. I .  . .
. t . I  , . . ' '  
1. . 
i , '  
I 
I 
. .  . ,  
. - .  
. '2 
! 
i .  
., . 
6 .  
I 
. !  
j 
! 
! . .I 
.J 
! 
! .-, 
I 
--I 
3 I 
-1 
. u 
In 
(u 
0 
>- 
% ( i  
P 
1 
I 
I 
I 
I * .  
" 
V 
4 .  
I 
I 
I 
u 
cu 
% i t  
I n  
I' 
I' ' 
8 
i , -  
I .  
' U  
'I 
T--- b - 
11. 
1 
, - .* 
79 0 
Y .. 
f=l 
0 
0 *- L. 
h 
N a 
G ..
I' I 
I 
u 
0 
0 
In 
n 
d 
0 
k 
4 
u 5 
v I 
I 
* I  
I' 
!I 
8 
f 
.. 
t 
? 
1 
